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SPECIFICATION 

1. TITLE OF THE INVENTION 

Dense-Porous Complex Ceramic Manufacturing Method 

2. WHAT IS CLAIMED IS; 

(1) A dense-porous complex ceramic manufacturing method 
wherein ceramic powder is molded in a predetermined shape to 
be a dense base, and ceramic slurry having the same property 
as that of the above is added with heat-decomposable organic 
substance "to be porous base slurry, and the dense base and 
porous base slurry are dried in a contacted condition with each 
other, and sintered. 

(2) A dense-porous complex ceramic manufacturing method 
as set forth in Claim 1, wherein the dense base is formed by 
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pressurizing and molding the ceramic powder. 

(3) A dense-porous complex ceramic manufacturing method 
as set forth in Claim 1, wherein the dense base is formed by 
temporarily baking the ceramic powder after being pressurized 
and molded. 

(4) A dense-porous complex ceramic manufacturing method 
as set forth in Claim 1, wherein the dense base is formed by 
adding a binder to the ceramic powder, and slip-casting it. 

(5) A dense-porous complex ceramic manufacturing method 
as set forth in any of Claims 1 through 4, wherein the porous 
base slurry contains hydrogen peroxide as a foaming agent. 

(6) A dense-porous complex ceramic manufacturing method 
as set forth in any of Claims 1 through 4, wherein the porous 
base slurry contains organic resin beads or organic fibers 
which are decomposed and volatilized by being sintered as 
heat-decomposable organic substances . 

(7) A dense-porous complex ceramic manufacturing method 
as set forth in any of Claims 1 through 6, wherein the ceramic 
is calcium phosphate-based ceramic. 

3. DETAILED DESCRIPTION OF THE INVENTION 
"Field of the Art" 

The present invention relates to a manufacturing method 
for dense-porous complex ceramic which is preferable as an 
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implant material for an artificial root of a tooth and an 
artificial bone. 

"Prior Art and Problems Thereof" 

Recently, as an implant material for, for example, an 
artificial root of a tooth and an artificial bone, various 
ceramics such as a calcium phosphate-based material 
represented by hydroxyapatite, alumina, and zirconia have been 
used. 

Ceramic slurry which is synthesized by a wet method is dried, 
and then, ground into ceramic powder, and this ceramic powder 
is molded by a method such as pressure-molding and slip-casting, 
dried, and sintered, whereby the above various ceramics are 
manufactured. The ceramic thus obtained generally has a dense 
structure . 

On the other hand, the ceramic powder is made into slurry, 
added and mixed with a foaming agent or a heat-decomposable 
organic substance, and this mixture is maintained in a 
predetermined shape, and then, dried and sintered, whereby 
porous ceramic has also been manufactured. As such a foaming 
agent or heat-decomposable organic substance, Jiydrogen 
peroxide and resin beads which are decomposed and volatilized 
by being sintered are used. 

Although dense ceramic has sufficient strength as an 
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implant material/ since it is poor in the circulation of body 
fluids such as blood, when the dense ceramic is implanted in 
a human body, its bonding performance with the peripheral 
tissues is poor. That is, in order to bond an implant material 
with the peripheral tissues, it is necessary that new bone cells 
are formed at the periphery, that is, conductivity is required. 
However, conductivity is not sufficiently obtained. 

Also, as for porous ceramic, since a body fluid such as 
blood circulates through the pores, new bone cells are easily 
formed at the periphery, and excellent conductivity is obtained, 
however, due to porous material, sufficient strength as an 
implant material is difficult to be obtained. 

Therefore, a technology has been demanded wherein, by 
bonding dense ceramic and porous ceramic together, 
conductivity when they are implanted in a human body is improved, 
and sufficient strength is obtained. 

Conventionally, as for bonding of such ceramic, a method 
in which respective ceramic materials are bonded by using an 
adhesive, or a method in which one ceramic material is coated 
with another ceramic material has been employed. 

However, in the manufacturing methods for compounds as 
mentioned above, a layer having a different property such as 
an adhesive or a middle layer must be interposed, whereby the 
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safety of a human body and conductivity are lowered. Also, in 
the coating method, it is difficult to make the coating ceramic 
thick. Furthermore, in all cases, bonding strength is not 
sufficient, and strength at the bonding portions is easily 
lowered. 

"Object of the Invention" 

The object of the invention is to provide a dense-porous 
complex ceramic manufacturing method whereby dense ceramic and 
porous ceramic can be bonded together with sufficient strength 
without interposing a layer with a different property in easy 
processes . 

"Composition of the Invention" 

The dense-porous complex ceramic manufacturing method of 
the invention is characterized in that ceramic powder is molded 
in a predetermined shape as a dense base, ceramic slurry with 
the same property as mentioned above is added with a foaming 
agent or a heat-decomposable organic substance to be porous 
base slurry, and the dense base and porous base slurry are dried 
in a contacted condition with each other, and sintered. 

JThus, when the dense base and porous base slurry are dried 
in a contacted condition with each other, and sintered, both 
are simultaneously sintered, whereby united complex ceramic 
is obtained. In this complex ceramic, the dense base part and 
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porous part are directly bonded together without an interposed 
layer of a different property, and also, the bonding interface 
has a degree of strength so as not to be broken even if it is 
cut out by a diamond disk. Also, since the dense base and porous 
base slurry are only simultaneously sintered in a contacted 
condition with each other, the manufacturing processes are 
remarkably simplified. 

"Preferred Embodiment of the' Invention" 

In the invention, as ceramic to be used, various ceramics, 
for example, calcium phosphate-based ceramic represented by 
hydroxyapatite, alumina, zirconia, etc., are available, 
however, in a case where the ceramic is used as a living body 
material, calcium phosphate-based ceramic which is excellent 
in living body fusion is particularly appropriate. 

These ceramics can be obtained by a generally known method 
such as a wet method synthesis and dry method synthesis. For 
example, when ceramic is synthesized by the wet method, the 
slurry is dried and ground, whereby ceramic powder can be 
prepared. On the other hand, when ceramic is synthesized by 
the dry method, the obtained ceramic powder can be used as it 
is . 

In the invention, the ceramic powder thus prepared is 
molded in a predetermined shape to be a dense base. As for 
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molding, a pressure-molding method by means of mold-press or 
rubber-press, or a method for slip-casting the ceramic powder 
added with a binder such as water and an organic resin, etc., 
is employed. Also, after the ceramic powder is molded, it is 
further temporarily baked, whereby a dense base can be formed. 

On the other hand, by adding a foaming agent to ceramic 
slurry with the same property as mentioned above, porous base 
slurry is prepared. It is not always necessary that this ceramic 
is completely the same ceramic as mentioned above if it is the 
same-based ceramic, and for example, a combination of materials 
equivalent to hydroxyapatite and f luoroapatite, etc., can be 
used. As this slurry, slurry synthesized by the wet method can 
be used as it is, or prepared ceramic powder is dispersed in 
water or an organic solvent, and can be used as the slurry. 
Also, as a foaming agent, for example, a material such as 
hydrogen peroxide or albumen which forms bubbles in slurry is 
used, and as a heat-decomposable organic substance, for example, 
an organic matter such as organic resin beads and organic fibers 
which are decomposed and volatilized by being sintered is used. 

In the invention, the dense base and porous base slurry 
which are obtained as mentioned above are dried in a contacted 
condition with each other, and sintered. In this case, as a 
method for drying them in a condition where both are contacted 
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with each other and sintering them, for example, a method is 
used wherein porous base slurry is put into a heat-resistant 
container, for example, the dense base is soaked in the porous 
base slurry, and dried in this condition, the entirety is 
solidified, and further, extracted from the container, and 
sintered. Thus, by sintering, the dense base is made as a dense 
ceramic sintered compact, and the porous base slurry is made 
as a porous ceramic sintered compact, whereby complex ceramic 
in which both compacts are bonded together is obtained. 

Complex ceramic thus obtained can be cut out in a desired 
shape as necessary by a diamond disk, etc., and used as an 
implant material for an artificial root of a tooth and 
artificial bone, etc. 
"Examples of the Invention" 

Example 1 

Hydroxyapatite^ synthesized by the generally known wet 
method was sprayed and dried by a spray dryer (mobile miner 
type manufactured by Ashizawa Niro Co.), whereby spherical 
powdery particles with a particle diameter of 5 through 20 
\x m (average particle diameter 10 ti m) were obtained. The 
powdery particles were temporarily baked at 700°C, and milled 
by a dry method mill, whereby uneven powdery particles with 
particle diameters of 1 through 10 ^m were prepared, and used 
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as an ingredient A. 

The ingredient A was press-molded by a mold, and 
pressurized by a rubber press (manufactured by Yuken Kogyo Co . ) 
with a pressure of 2t/cm 3 , and then molded and processed in 
a circle bar shape, whereby a dense base was obtained. 

On the other hand, the ingredient A was put into a package 
made from polyethylene, added with a solution of 0.8% by weight 
of hydrogen peroxide, and thoroughly mixed while being kneaded, 
by hand, whereby porous base slurry was obtained. The adding 
amount of a hydrogen peroxide solution was 57% by weight. 

This porous base slurry was poured into a heat-resistant 
container, the dense base obtained as mentioned above was put 
into the slurry, and the container was left at 120°C for 24 
hours in a circulation type blowing dryer, whereby a foam dried 
body was obtained. Herein, the dense base was inserted so that 
bubbles formed in the porous layer were expanded in the 
direction perpendicular to the inserting direction of the dense 
base (that is, the horizontal direction) . The obtained dried 
body was extracted from the container and sintered at 1200°C 
for 4 hours, whereby a dense-porous compound of hydroxyapatite 
was obtained. 

When this compound was cut out by a diamond disk, the 
bonding interface between the dense layer and porous layer was 
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not broken, and it was found that they were securely bonded. 
A photo of this cut section is shown in Fig. 1. 
Example 2 

The ingredient A was added with a disperser, inorganic 
binder, and pure water, mixed, kneaded, and ground by a wet 
method bowl mill, and slip-cast, whereby a dense base was 
obtained.- 

The dense base thus obtained was put into porous base slurry 
which was the same as in example 1, and thereafter, foamed and 
dried in the same way as in example 1, and furthermore, sintered, 
whereby a dense-porous compound of hydroxyapatite was 
obtained. 

When this compound was cut out by a diamond disk, the 
bonding interface between the dense layer and porous layer was 
not broken, and therefore, it was found that they were securely 
bonded together. 

Example 3 

The dense base obtained in example 1 was further 
temporarily baked at 700°C for 4 hours to be a dense base. This 
dense base was put intq_ the porous base slurry which was the 
same as in example 1, foamed and dried in the same way as in 
example 1, and further sintered, whereby a dense-porous 
compound of hydroxyapatite was obtained. 
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When this compound was cut out by a diamond disk, the 
bonding interface between the dense layer and porous layer was 
not broken, and therefore, it was found that they were securely 
bonded together. 
"Effects of the Invention" 

As described above, according to the invention, in 
comparison with the prior-art. method,- a dense-porous complex 
ceramic having a strongly bonded interface can be obtained by 
easier manufacturing processes, and since a middle layer such 
as an adhesive layer, etc., is unnecessary at the bonding 
interface, the obtained compound has no layer with a different 
property, and can be made excellent in various properties such 
as heat-resistance, heat-resistant cycles, water-resistance, 
and living body conformity, etc., and furthermore, the porous 
layer to be bonded with the dense layer can be formed so as 
to have a desired thickness. 
4 . BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a photo of the cut section of the dense-porous 
complex ceramic obtained in an embodiment of the invention. 
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FIG. 1 
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